How to use duplexers: 
Isolation requirements 


Part 1—Duplexers in various forms isolate simultaneously operated 
transmitters and receivers. Here are some steps to follow to calculate the 
required isolation. Impedance differences make duplexers work. 


By Brian J. Henderson, P.E. 


You have just installed a base station 
and mobile radio system, perhaps for a 
customer. 

Coverage is satisfactory from the base 
station to the mobile radios. Mobile-to- 
mobile range is limited. The customer 
wants to consider a repeater system to im- 
prove mobile range. 

You want to serve the customer the best 
way you can. You buy a repeater. You 
install an antenna. You know you must 
buy a duplexer. Why? What does a du- 
plexer do? 


Figure 1. A duplexer uses Impedance differ- 
ences to isolate the transmitter and receiver. At 
(A), two 500 resistors or 50M coaxial cables 
wired In parallel have a resulting impedance of 
25. When connected to another 50N device, 
the connection represents an impedance mis- 
match and results In a power loss. At (B), when 
a 50M impedance circuit is connected In paral- 
lel with a 10 impedance circult, the combined 
impedance Is extremely close to 10, almost a 
short circuit. At (C), when a 509 impedance 
circuit Is connected in parallel with a 10,0000 
impedance circuit, the combined impedance Is 
extremely close to 50M, meaning that there is 
little effect upon the 50M circuit's impedance. 


A duplexer allows the use of a single 
antenna for transmitting and receiving si- 
multaneously, as a repeater usually does. 

Duplexers come in many shapes, sizes 
and types from many manufacturers. They 
often are described in antenna catalogs. 
Duplexers also may be called filters, com- 
biners and cavities. Many people consider 
them to be mystical things that only engi- 
neers know about. 

Duplexers, including filters, reject, pass 
and other “cavity devices,” actually are 
quite straightforward once you understand 
the basics. The following describes the ba- 
sics of filters, reject, pass and other “cavity 
filter devices.” 


Why is a duplexer required? 

There are three reasons why a duplexer 
is used, 

The first is to provide isolation between 
the transmitter and receiver. 

The second is to preserve impedance 
matches among the antenna, transmitter 
and receiver. Impedance must be main- 
tained at 502 to keep everything operating 
at maximum efficiency. 

The third is to prevent several trans- 
mitters and receivers from interfering 
with each other and causing or receiv- 
ing intermodulation products and other 
interference. 


Isolation 

In a mobile or base station radio, the 
transmitter and receiver do not operate at 
the same time. 

When the receiver is on, and the channel 
is being monitored, the transmitter is 
tured off. When the operator presses the 
push-to-talk (PTT) button and transmits, 
the receiver is turned off. 

A repeater receives a signal in the re- 
ceiver and rebroadcasts the audio through 
the transmitter at the same time. This type 
of operation is called full-duplex because 


the transmitter and receiver are both on 
and operating at the same time. Full- 
duplex operation gives its name to the 
“duplexer.” 

Note that the receiver is receiving a sig- 
nal of only a few microvolts (extremely 
small). The transmitter is transmitting a sig- 
nal of several volts (extremely large). What 
is required is a device to separate or to iso- 
late the receiver from the transmitter so that 
the two can operate at the same time with- 
out interfering with each other. 

The receiver must continue to receive 
extremely small signals while the transmit- 
ter transmits extremely large signals. That 
is where the duplexer comes in. It will pro- 
vide the required isolation between trans- 
mit and receive frequencies. 

As an example of isolation, consider a 
25W repeater package. The transmitter op- 
erates at a power level of 25W or 
+44.0dBm. The receiver is rated at 0.5pV 
or —113.0dBm. The difference between 
these two signal levels is 157dB. 

The repeater must operate at both of these 
power levels. Using two different frequen- 
cies provides a certain amount of isola- 
tion. A duplexer provides additional isola- 
tion so that the repeater can operate in full- 
duplex mode. 

A duplexer prevents receiver desensiti- 
zation (desense) from occurring. That 
means that the receiver is as sensitive when 
the transmitter is on as when the transmit- 
ter is off. 


How much isolation? 

How much isolation is necessary de- 
pends on two factors: the amount of fre- 
quency separation between transmitter and 
receiver, and the transmitter output power. 

Frequency separation is the main 
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governing factor. Manufacturers graph 
duplex curves for each radio they produce. 
These curves tell you how much transmit- 
ter noise is produced by a transmitter at a 
given receiver separation from the trans- 
mit frequency. Sometimes these curves are 
available from the manufacturer, some- 
times they are not. 

The manufacturer always specifies adja- 
cent channel selectivity. This specification 
can be used as a guideline. Adjacent chan- 
nel selectivity is usually specified for either 
25kHz or 30kHz channel spacing, and that 
is the spec that can be used. 

Transmit power is the other factor. The 
more transmit power, the more isolation 
required. All calculations should be based 
on maximum transmit output power. Other- 
wise, turning the power up on the transmit- 
ter causes receiver desense, and the repeater 
will not operate properly. 

As an example, take the same 25W trans- 
mitter as before. 


25W = +44.0dBm 
0.SpV = —(-—113,0dBm) 
Receiver selectivity = —85dB 


Minimum required isolation = 72.0dB 
3dB safety factor = 3.0dB 


Total isolation required = 75.0dB 


As a rule of thumb, when using this 
method, make sure that you have at least 
3dB additional isolation to allow for any 
increase in transmitter power or decrease of 
receiver rejection in the future. In this case, 
isolation should be 72.0dB + 3.0dB = 
75dB minimum, 

If the transmitter power is increased to 
SOW, (+3dB) then isolation must be in- 
creased the same amount, by +3dB, to 
75dB. 

In this example, look for a duplexer 
specified as having a minimum of 75dB iso- 
lation. Note that, depending on frequency 
spacing, the amount of isolation required 
may or may not be available. 

As a rule, at VHF, 300kHz is the mini- 
mum channel spacing that can be used in 
any repeater system, At UHF, a minimum 
frequency spacing of 3MHz is required. 


Impedance 

The duplexer uses impedance differences 
to isolate the transmitter and receiver. 

For example, two 502. resistors or 500 
coaxial cables wired in parallel have a re- 
sulting impedance of 252). (See Figure 1A 
on page 10.) When connected to another 


50 device, the connection represents an 
impedance mismatch and results in a power 
loss. 

When a 502. impedance circuit is con- 
nected in parallel with a 10 impedance 
circuit, the combined impedance is ex- 
tremely close to 1{2, almost a short circuit. 
(See Figure 1B). 

When a 502) impedance circuit is con- 
nected in parallel with a 10,0002 imped- 
ance circuit, the combined impedance is 
extremely close to 509, meaning that there 
is little effect upon the 502 circuit's im- 
pedance. (See Figure 1C.) 

Duplexers are tuned devices. 

They can present a 509 impedance at 
one frequency and either a lower or a 
higher impedance at another frequency. To 
provide isolation between two frequencies, 
a duplexer presents a short or an open cir- 
cuit to a transmission line at a particular 
frequency. Energy at that frequency then 
either is removed from a transmission line 
or is prevented from traveling through the 
transmission line. 

Next: Applications for types of duplexers 
are described to help you choose and con- 
figure cavities for specific purposes, Fre- 
quency bands and frequency separation 
play a part in selecting the cavities. am 


Standard Features include 
* 2 watts speaker audio. 

* Monitor and Intercom functions, 

* Front Panel PTT capability. 
Available Options 


* 2 freq. control, Wall Mount iit, 4 wire termination and more 


TONE REMOTES 


Never Looked so Good! 


CPI's tone remotes have always given you the best in quality, price and 
performance. Now they look even better doing it. 

The NEW TR series remotes have been redesigned to take advantage of 
our new housings and are available in telephone and console style models. 
We have also included several new features that you have asked for, such as 
2 watts of speaker output, front panel PTT capability and several dip-switch 
selectable features that make first time installation a breeze. 
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CUSHMAN 


NEW PRODUCTS / NEW FEATURES 


Tracking Generator 
Offset Generator 

1 GHz Gen. & Rec. 
Spectrum Monitor 
Encoder 12 Formats Analog and Digital 


LEASE PURCHASE 
AVAILABLE 


Model K-202 

* NEW 1200/2400 POCSAG encoder 

* DTMF/DCS/CTCSS decoder 

+ Upgrade your existing CUSHMAN 
encoder OR 

* Step up to Model K-202 stand-alone 

encoder/decoder 


MANUFACTURED BY 
KNS ELECTRONICS, INC. 
2146 BERING DRIVE 
SAN JOSE, CA 95131 
PHONE: 408-432-8100 FAX: 408-432-8359 
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How to use duplexers: 
The various types 


Part 2—Applications for types of duplexers are described to help you choose and 
configure cavities for specific purposes. Frequency bands and frequency separation 
play a part in selecting the cavities. 


By Brian J. Henderson, P. Eng. 


Duplexers allow transmitters and re- 
ceivers to operate simultaneously and to 
use the same antenna, as they do in typical 
repeater installations. 

Various configurations can be used to 
filter interference, too. 


The bandpass cavity 

The bandpass cavity is the easiest type 
of duplexer to explain and to understand. 

First, imagine a transmitter and receiver 
antenna separated by some distance. (See 
Figure 1A to the right.) The transmitter 
transmits energy that is radiated by the 
antenna and received by the receiver an- 
tenna and receiver. There is a loss between 
the two antennas. 

If these two antennas were contained 
inside a cylinder, the losses between them 
would be reduced, Instead of the transmit- 
ting antenna radiating some energy in all 
directions, most of the energy would be 
contained inside the cylinder. Most of the 
energy would be picked up by the receiy- 
ing antenna, Losses are reduced. (Sce Fig- 
ure 1B). 

The cylinder’s length and volume affect 
the transmission path between the two an- 
tennas. This path between the two anten- 
nas is quite sharp and pronounced, 

If the antennas are simple “loops” or 
short dipoles on opposite sides of a cylin- 
der and the volume of the cylinder is ad- 
justed by a conductive rod in the middle, 
the previously imaginary configuration 
has become a bandpass cavity filter. (See 
Figure 1C). 

The bandpass cavity filter's frequency 
response is shown in Figure 2 top right. 


Henderson is senior engineer, communications, 
with Canadian Western Natural Gas, Calgary, 
Alberta. 


Figure 1. At (A), radio energy transferred be- 
tween a transmitter antenna and receiver an- 
tenna is subject to a loss. If the antennas were 
within a cylinder, as in (B), the loss would be 
reduced. The cylinder’s length and volume af- 
fect the transmission path between the two 
antennas. If the antennas are simple ‘loops’ or 
short dipoles on opposite sides of a cylinder, 
and the volume of the cylinder is adjusted by a 
conductive rod in the middle, the previously 
imaginary configuration has become a 
bandpass cavity filter, as in 1C. 


The bandpass cavity can be adjusted for 
frequency by adjusting a “trombone slide” 
inside the cavity. Loss between the trans- 
mit and receive ports is at a minimum at 
the bandpass frequency and increases be- 


Figure 2. This is the frequency response of the 
bandpass cavity filter in Figure 1. The cavity 
can be adjusted for frequency by adjusting a 
“trombone slide” inside the cavity. Loss be- 
tween the transmit and receive ports is at a 
minimum at the bandpass frequency and in- 
creases beyond the cavity’s passband. 


Figure 3. Several bandpass cavities can be com- 


bined to separate transmit and receive frequen- 
cles, as shown above. The idea is to provide 
enough isolation between a transmitter and re- 
ceiver so that the same antenna can be used for 
both functions. 


yond the cavity’s passband. 

In addition, the SWR is at a minimum at 
the tuned frequency. SWR rises outside the 
bandpass cavity’s passband, 

Note that the physical diameter of the 
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cavity has the effect of increasing the cir- 
cuit “Q.” The larger the diameter, the nar- 
rower the bandpass cavity and the higher 
the “Q.” A 7-inch cavity is a better 
bandpass filter than a 5-inch cavity. A 10- 
inch cavity is better yet. 


The bandpass duplexer 

The function of a bandpass cavity has 
now been explained. So what does this do 
for the duplexer? 

Several bandpass cavities can be com- 
bined to separate transmit and receive fre- 
quencies. The idea is to provide enough 
isolation between a transmitter and re- 
ceiver so that the same antenna can be used 
for both functions. Such a duplexer is 
shown in Figure 3 on page 18. 

Generally, two bandpass cavities are 
used in the transmit leg, and two are used 
in the receive leg of a repeater, Duplexers 
are connected in series with transmit and 
receive ports, as shown in Figure 3. The 
antenna port simply uses a “T” connector 
to parallel transmit and receive cables. 

There is an advantage to using bandpass 
cavities to build a duplexer. The passbands 
of both the transmitter and receiver are 
narrowed. 

In the case of the receiver, interference 
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Figure 4. A reject cavity is a bandpass cavity 
with only one connector, The other connector 
either is left open or is omitted. The cavity's 
spectrum plot and connection diagram are 
shown above. 


and intermodulation outside the passband 
of the receive cavities is reduced, Interfer- 
ence to other systems from your transmit- 
ter will be reduced. 

There is one drawback to using bandpass 
cavities for a duplexer. Practical limits on 
construction constrain transmit-receive 
spacing to less than 2MHz at VHF and 


HIGH Q FILTERS 


NOTCH AND BANDPASS 


¢ Low loss 

¢ Broad frequency range 
30-950 MHz 

¢ Single, double & triple cavities 
for spot or wider band 
attenuation 

¢ Excellent power 
handling & 
temperature stability 

* Field tunable 


For more information, 
request our data sheets 
for HIGH Q FILTERS. 


MEL 


MICROWAVE FILTER COMPANY 
6743 KINNE STREET 

EAST SYRACUSE, NY 13057 

800-448-1666 * 315-437-3953 

FAX: 318-463-1467 
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Figure 5. The graph at (A) shows the theoretical 
performance of a lowpass filter. It has a defined 
cutoff frequency. Below that frequency, signals 
pass with little loss. Above that frequency, sig- 
nals are shorted out and do not pass through. 
A lowpass filter can be made by adding a ca- 
pacitor in series with a bandpass cavity’s feed 
loop. The pattern shown at (B) is that of a 
lowpass filter. 


5MHz at UHF frequencies. Bandpass fil- 
ters do not provide enough isolation for 
closer transmit-receive frequency spacing. 


The reject cavity 

Another common type of filter is called 
a reject cavity. 

A reject cavity is simply a bandpass cay- 
ity with only one connector, The other con- 
nector either is left open or is omitted. See 
the spectrum plot and connection diagram 
shown in Figure 4 above left. 

When connected into a transmission line 
with a “T” connector to “short out” a single 
frequency, the reject cavity removes the 
frequency from the line. This method com- 
monly is used when another transmitter in- 
terferes with a receiver. A reject cavity is 
connected into the receive path to “notch 
out” the offending signal. 


The lowpass filter 

Another type of filter commonly used is 
the lowpass filter. 

The theoretical performance of a 
lowpass filter is shown in Figure 5A above 
right. A lowpass filter has a defined cutoff 
frequency. Below that frequency, signals 
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pass with little loss. Above that frequency, 
signals are shorted out and do not pass 
through, 

A lowpass filter can be made by adding 
a capacitor in series with a bandpass 
cavity’s feed loop. The pattern shown in 
Figure 5B is that of a lowpass filter. 


The highpass filter 


A highpass filter is the opposite of a 
lowpass filter. 


Signals above the cutoff frequency pass 
through with little loss, and signals below 
the cutoff frequency are shorted out and do 
not pass through the highpass filter. (See 
Figure 6A to the right.) 

The highpass filter also can be made by 
adding a capacitor in series with a reject 
cavity’s feed loop. The pattern shown in 
Figure 6B is that of a highpass filter. 

Note that the highpass and lowpass fil- 
ters have exactly the same construction. 
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Figure 6. A highpass filter is the opposite of a 
lowpass filter. As shown at (A), signals above 
the cutoff frequency pass through with little 
loss, and signals below the cutoff frequency are 
shorted out and do not pass through the 
highpass filter. The highpass filter also can be 
made by adding a capacitor in series with a 
reject cavity’s feed loop. The pattern shown at 
(B) is that of a highpass filter. 


Near the feed connector on a filter you 
will see a small screw for adjusting the 
capacitor. 

The capacitor setting determines 
whether the filter is a highpass or lowpass 
device, and it is not possible to tell from 
a visual inspection which type the cavity 
is. The only way to tell is by looking at 
the display of the cavity on a spectrum 
analyzer. 


The bandpass/band-reject cavity 

Highpass and lowpass filters could be 
combined together to form a duplexer. 

There is a better way. A proper capaci- 
tor choice makes the filter a combination 
lowpass-highpass and bandpass filter, de- 
pending on the capacitor setting. (See Fig- 
ures 5B and 6B.) 

In this way, a single cavity connected to 
a receiver, for example, can pass the re- 
ceive frequency with little loss and reject 
the transmit frequency. This forms the 
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basis of the typical highpass-lowpass 
duplexer. 


The bandpass/band-reject duplexer 

Remember the isolation calculations 
performed earlier? 

To get the 70dB-—75dB of isolation re- 
quired, two bandpass/band-reject cavities 
can be connected into each of the 
repeater’s transmit and receive legs. (See 
Figure 7 to the left.) 

Two cavities in the transmit side and 
two cavities in the receive side provide the 
required 70dB-—75dB of isolation. In this 
case, minimum frequency separation is 
about SOOkKHz. 

If a frequency spacing less than 500kHz 
is required, three cavities can be used on 
each side. This configuration increases iso- 
lation to about 90dB. The minimum fre- 


Figure 7. Remember the isolation calculations 
described in the text? To get the 70dB-75dB of 
isolation required, two bandpass/band-reject 
cavities can be connected into each of the 
repeater's transmit and receive legs, as shown 
to the left. Two cavities in the transmit side and 
two cavities in the receive side provide the re- 
quired 70dB-75dB of isolation. In this case, 
minimum frequency separation is about 
500kHz. 


quency separation is about 300kHz at 
VHF. This separation is a practical limit of 
this type of duplexer. Adding more cavi- 
ties increases the loss while providing little 
additional rejection. 

Next: How duplexers are constructed 
and how they are installed have much to 
do with their tuning and frequency sta- 
bility. Suggestions are included for or- 
dering duplexers and for initial tuning 


or retuning. 


Duplexer series 


The previous instaliment in this ar- 
ticle series is “How to use duplexers: 
Isolation requirements” in the July 
1994 issue. 

Back issues printed within the past 
two years can be ordered for $5 each, 
postpaid. Call customer service at 
800-441-0294. Copies of articles 
printed more than two years ago are 
unayailable from the publisher. 
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rformance for less than $2000! 


¢ Logic ready 

¢ 800 to 960 MHz; also UHF and VHF 
¢ One to five watts, continuous duty 

¢ Up to 128 frequencies 

¢ Part 88 ready 

¢ Two-year warranty 


Call now! 


Tait Electronics-U.S.A., Inc. 
1-800-222-1255 
Fax: 714/468-6944 


Tait repeater shown with 
optional cabinet, and 
Trident TNT-60 logic. a 
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How to use duplexers: 
Installing and tuning 


Part 3—How duplexers are constructed and how they are installed have 
much to do with their tuning and frequency stability. Here are tips for 
ordering duplexers and for initial tuning or retuning. 


BONNE STINE CONNECTION | | By Brian J. Henderson, P. Eng. 
INPUT / \ OUTPUT INPUT OUTPUT | 
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iq ) Whether duplexers are used in a typical 
== manner to support repeater operation or as 
filters to reduce or eliminate interference, 
| their construction, installation and tuning 
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ELECT Ree a performance. 

The volume of the cavity is extremely 
critical to duplexer tuning, A small tem- 
perature change can contract or expand 
cavity components, shifting the duplexer 
frequency as much as 30kHz-40kHz, 
“| enough to shut down a repeater system. 
: The system cannot be allowed to shut 

FREQUENCY 2 FREQUENCY -| down because of a duplexer temperature 
FREQUENCY RESPONSE : FREQUENCY RESPONSE “| problem. What do you do? 
IDEAL LOWPASS FILTER LOWPASS CAVITY The first thing is to make sure the tem- 
Oe A : TERE perature in your repeater building remains 
relatively constant. Install a thermostat on 
an electric heater to heat a small building. 
Keep duplexers themselves out of drafts 
and away from ventilation fans and win- 
dows. Keep them out of sunlight so they 
‘| are not subject to heating during the day 
ee | and cooling at night. 
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Figure 1. The easiest way to understand the 
use of a spectrum analyzer and tracking gen- 
erator for cavity tuning is by example. Attenu- 
ation vs. frequency curves for bandpass and 
band-reject cavities are shown in (A) through 
(G) to the left. 
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Figure 2. To replicate the example of cavity tun- 
ing described in the text, connect a tracking 
generator and spectrum analyzer as shown, 


The older method uses round contain- 
ers and associated internal components. 
These duplexers are more difficult to 
mount on equipment racks because of 
their shape. 

Manufacturers then developed rectangu- 
lar duplexers. They are compact and far 
more convenient for rack-mounting. 

When round cavities are exposed to tem- 
perature changes, they expand equally in all 
directions, Tuning may or may not be 
affected. 

When a rectangular cavity changes tem- 
perature, it expands more in one direction 
than another, which is certain to affect its 
tuning. 

Generally speaking, where temperature 
extremes are expected, such as for unheated 
mountaintop locations, use a round cavity 
filter. 


Coaxial cable 

There are several factors to consider 
when using coaxial cable to connect cavi- 
ties to make a duplexer. 

(1) To preserve as much isolation as pos- 
sible, always use double-shielded cable. 

Use either RG-214/U or RG-400/U 
cable for all connections. It is a good 
idea to use these types of cable as 
jumper cables to the radio repeater and 
antenna connections. This keeps RF sig- 
nals where they should be—inside the 
radio and antennas. 

(2) Cable length is important. 

Do not use random-length jumper cables. 
All cable lengths are to be either a quarter- 
wavelength ('/:A) or a half-wavelength ('/2\) 
to maintain the impedance presented by a 
cavity to the line. 

(3) When calculating the cable length, 
take into account the cable’s velocity 
factor. 

When RF travels in a cable, it slows 
down. The difference between its veloc- 
ity in free space or air and its velocity 


Telex offers unique solutions to some vexing 
communications problems. How do you 
maintain two-way contact when your hands 
are busy working? Or, how to communicate 
clearly in a high noise vehicle? And, how to 
sustain safe communications from the 
surface with workers underground? 


Ear-Mike®, an eaf-worn transducer, lets 
users communicate by two-way radio while 
the hands are virtually free to do other 
work, Suitable for police work, security, DEA 
or SWAT teams, firefighters and rescue or 
EMS personnel. Works equally well under 
breathing apparatus or protective suits. 


Communications Headset of rugged 
reliability for two-way radios or vehicle 
intercoms. Extensive model selection from 
lightweight units to under helmet 
configurations, with high noise attenuation 
(NRR —24 dB). 


MAGNACOM™ emergency vehicle intercom 
with modular, weatherproof headset stations 
for external installations. Used on fire 
engines, EMS or rescue vehicles, customs 
and law enforcement power boats, utility 
trucks, airport de-icing crews or heavy 
construction equipment. 


MagnaRope™ intercom for operation in 
tunnels, shafts, sewers, tanks, or mines. 
Consists of Ear-Mikes and load-bearing 
kermantle rescue rope with imbedded 
communications lines. Optional junction 
boxes accommodate multiple users. 


For ready-made solutions to communications 
problems, please write LMR Dept., Telex 
Communications, Inc., 9600 Aldrich Ave. So., 
Minneapolis, Minnesota 55420, or phone 
612-887-5596, during business hours, 
Central time. 


© 1991 Telex Communications, Inc. 
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TONE REMOTES 


Never Looked so Good! 


CPI's tone remotes have always given you the best in quality, price and 
performance. Now they look even better doing it. 

The NEW TR series remotes have been redesigned to take advantage of 
our new housings and are available in telephone and console style models. 
We have also included several new features that you have asked for, such as 
2 watts of speaker output, front panel PTT capability and several dip-switch 
selectable features that make first time installation a breeze. 


Standard Features include 
* 2 watts speaker audio 

* Monitor and Intercom functions. 

* Front Pano! PTT capability. 
Available Options 


* 2 freq. control, Wall Mount kit, 4 wire termination and more. 4186 Commerce Drive » Richardson, TX 75081 


(214) 437-5320 * FAX (214) 437-5360 ¢ (800) 869-9128 
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“need to actually use one. That's why we're 
pan piss ‘4 special “bid” to put an evaluation 
~ sample in your hands, set up the way you 
want it, for field testing i in your own system 
onment, Ask for your “Sealed Bid” offer 
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in cable is the cable's velocity factor, 
expressed as a percentage. 


Cable impedance and length 

The coaxial cable jumper length af- 
fects the impedance at each end of the 
cable, Half-wavelength cables have an 
identical impedance at each end; quar- 
ter-wavelength cables have an opposite 
impedance. 

For example, if the impedance at one 
end of a '/A cable is high (band-reject), 
the impedance at the other end will be 
high. 

If the impedance at one end of a '/:\ 
cable is high, the impedance at the other 
end will be low. 

Remember these rules when moving or 
separating cavities on an equipment rack 
and changing their connecting cable 
lengths. 

For band-reject cavities, use '/:A cables. 
Bandpass cavities and cables between ra- 
dio and filters should be '/2\ long. 


The spectrum analyzer 

A spectrum analyzer with a tracking gen- 
erator can be used for tuning duplexers. 

A spectrum analyzer is similar to an os- 
cilloscope. It displays frequency on the 
horizontal axis vs. amplitude on the verti- 
cal axis. Because duplexers are frequency- 
and-amplitude-dependent, the spectrum 
analyzer is ideal for tuning and aligning 
them. 

The easiest way to understand the use 
of a spectrum analyzer and tracking gen- 
erator is by example. Attenuation vs. fre- 
quency curves for bandpass and band-re- 
ject cavities are shown in Figure | on page 
24, 

As the name implies, a bandpass cavity 
has low attenuation at its bandpass fre- 
quency. Other frequencies are attenuated. 


The farther from the cavity’s center fre- 
quency, the higher the attenuation. 

A band-reject cavity is the opposite. A 
Single frequency is rejected or “shorted 
out” of the circuit. Maximum attenuation 
occurs at the reject frequency. The further 
from the cavity’s center frequency, the 
lower the attenuation. 


tuning? 

Remember the cavity configuration— 
bandpass or band-reject. Use the tacking 
generator and analyzer to produce the cor- 
rect frequency curve as shown on the spec- 
trum analyzer. 

For example, consider a bandpass cav- 
ity to be tuned to a center frequency of 


153.620MHz. Set the spectrum analyzer 
for a center display frequency of 
153.620MHz. Connect the tracking gen- 


Filter tuning 
How can this information be used for 


Introducing Something 


in Personal 


Communications. 


It's called "personal communication"... 


As in: We answer the phone. We talk to you. We listen and we provide solutions. 
It's what we do. Plain and simple. It works, too. 


TGA Systems brings digital paging up to date with our new PRISM II Paging 
Terminals, TGA/Radiolabs Transmitters and DATANET Paging System Analyzers. 


We use the newest DSP technology, high speed PCM data highways and parallel 
processing with multiple 32 bit CPUs. PRISM systems will free you from the 
limitations of older designs. 


Want to know more? Call us...and see how well we communicate. 


antes See us in Seattle at PCIA 
800-998-TGAI BOOTH 746 


3100 Medioe : . ‘ 
Noron Ganpe Sarl CEA Redefining the art of electronic messaging 


TGA TS) PRY. 
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erator and spectrum analyzer as shown in 
Figure 2 on page 27. 

Loosen the locking set screws or nuts on 
the cavity’s tuning rod. Slide the rod in or 
out so that the attenuation is minimized 
around the analyzer display’s center fre- 
quency, The cavity is now tuned. Figure 1A 
shows the display that should appear on the 
analyzer. 

A reject cavity produces a reverse dis- 
play. Again set the spectrum analyzer cen- 
ter frequency to, for example, 153.620MHz. 
Adjust the tuning rod so that the rejection 
notch on the display is centered and on the 
correct frequency. (See Figure 1B.) 

If the cavity is a band pass/band-reject 
type, there are two adjustments to be made. 
Example frequencies are 153.62MHz 
(pass) and 154.22MHz (reject). The 
bandpass adjustment is set first using the 
cavity tuning rod. The band-reject is set by 
adjusting the capacitor. 

The capacitor usually is right beside the 
input connector on the cavity itself. It 
must be adjusted using either a nylon or 
other non-inductive tuning tool. (See Fig- 
ure 1D and IF for lowpass and highpass 
response curves.) 

Note that most highpass/lowpass cavi- 
ties can be adjusted for either highpass or 
lowpass configurations within certain limits 
by watching the analyzer display while ad- 
justing the capacitor. 

The spectrum analyzer must be used to 
start the tuning process, and it gets you 
near the correct adjustments, The analyzer 
will indicate whether a cavity is set for 
highpass or lowpass. 

At the factory, fine tuning is performed 
with a network analyzer and return loss 
bridge. When such equipment is unavail- 
able, another fine-tuning method can be 
used with a transmitter, wattmeter and 
signal generator. The filters can then be 
put into service with a reasonable confi- 
dence level. 


Tuning rods too short? 

When tuning a filter, you may find that 
you “run out” of tuning rod. 

To go lower in frequency, the tuning rod 
must be pushed into the cavity. You may 
reach a point where the end of the rod out- 
side the cavity is too short to push it any 
farther, so the cavity cannot be adjusted 
any lower in frequency. 

When a manufacturer builds a duplexer, 
all the rods initially are the same length. 
Depending on the frequency requested 
when the unit originally was ordered, some 
tuning rods may appear longer than others 
after tuning. 

Most manufacturers then cut the rods 
so that they all protrude the same dis- 
tance outside the cavity. This cutting is 
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Figure 3. Inside the cavity, a loop connected to 
the cable connector forms the radiating and 
pickup element. The loop's position can change 
the cavity'’s performance. In newer cavities, the 
loop may be marked 0.5, 1.0 or 2.0. The loop 
turns when certain screws are removed. Turn- 
ing the loop makes the cavity’s frequency re- 
sponse sharper or wider as required. If an ex- 
tremely selective cavity is required, rotate the 
loop while watching the spectrum analyzer dis- 
play to narrow the cavity's bandwidth. See text 
for precautions. 


. for aesthetic reasons only. Cavities look 


better when their rods are an equal 
length—that is, if the cavity never is 
retuned. 

Unfortunately, a cavity supplied with a 
cut rod may cause problems during tuning, 
especially when its operating frequency is 
moved much—from 165MHz to 151MHz, 
for example. 

You have two options: Try to find a 
cavity with a longer tuning rod, or buy a 
new rod from the duplexer manufacturer, 
which can be expensive. 

When ordering filters, it is a good 
idea to specify on your purchase order: 
“Tuning rods not to be cut.” That way, 
if the frequency ever has to be changed, 
options are left open for further tuning 
or adjustment. 


Tuning loops 

Inside the cavity is a loop connected to 
the cable connector that forms the radiating 
and pickup element. 

The loop’s position can change the 
cavity’s performance, In newer cavities, the 
loop may be marked 0.5, 1.0 or 2.0. The 
loop turns when certain screws are removed. 
(See Figure 3 to the left.) 

Turning the loop makes the cavity’s fre- 


quency response sharper or wider as re- 
quired, If an extremely selective cavity is 
required, rotate the loop while watching 
the spectrum analyzer display to narrow 
the cavity’s bandwidth. 

There is a trade-off. If the loop is ro- 
tated for a narrower passband, for ex- 
ample, insertion loss increases. Numbers 
on the cavity refer to its insertion loss 
measured in decibels. Note that if the cav- 
ity is a bandpass type, both loops must be 
rotated to, for example, the 1.0dB posi- 
tion, Otherwise, loss will increase substan- 
tially. The cavity must remain symmetri- 
cal for proper operation. 


Loop size 

Tuning loops themselves are a particu- 
lar length, depending on frequency. 

Making a big change in frequency may 
require changing the loop size as deter- 
mined by the manufacturer. When new 
loops are required, contact the manufac- 
turer for parts and components. 

Next: After initially tuning a filter using 
a spectrum analyzer and the technique de- 
scribed above, steps described in Part 4 
can be used with inexpensive test equip- 
ment for fine-tuning. 


oe our puppet starts now. Weill helo: you aie as 
the terminal to meet your needs today and tomorrow. 


Model 640 and Series 2000 Paging Terminals 
- up to 50,000 subscribers, 38 telco rune 8 radio channels, 72 hrs voice Storage | 
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How to use duplexers: 
Fine-tuning adjustments 


Part 4—After initially tuning a filter using a spectrum analyzer and the 
technique described in Part 3, follow these fine-tuning steps to finish the 
job. Inexpensive test equipment can be used. 


By Brian J. Henderson, P. Eng. 


The best method for tuning filters uses 
thousands of dollars worth of test equip- 
ment. 

Another, less expensive method, uses a 
transmitter, recciver, directional wattmeter 
and signal generator. One or more dummy 
loads may be required for a duplexer’s 
unused ports. 

Several rules and facts apply to this tun- 
ing method. 

(1) All duplexer ports, whether or not 
they are connected to a signal generator, 
transmitter or receiver, must be terminated 
in a 502 impedance. 

This rule cannot be stressed enough. 
Failure to follow this one simple rule re- 
sults in poor filter tuning and poor sys- 
tem performance. 

(2) When tuning any bandpass cavity, the 
lowest SWR point occurs at the passband 
frequency. 


Henderson is senior engineer, communications, 
with Canadian Wester Natural Gas, Calgary, 
Alberta. 


BANDPASS DUPLEXER TUNING _ 


Figure 2. After tuning each bandpass cavity individually, assemble them 
into the correct duplexer configuration. Fine-tune the transmit side as 
shown. Then reverse the transmitter and load connections. Set the 


(3) Once the tuning rod is adjusted for the 
correct frequency in a pass or reject cavity, 
capacitor adjustment does not affect this 
tuning. 

That is, once the tuning rod is set for pass 
frequency, this adjustment is not affected 
further by adjustment of the tuning capaci- 
tor, other ports of the duplexer string or other 
cavilies. 


Bandpass Duplexer 
The first type of duplexer to be tuned is 
the bandpass duplexer. There is only one 


Figure 1. To configure equipment for tuning a 
bandpass duplexer, connect a transmitter, a 
wattmeter and terminations as shown. 


transmitter to the receive frequency and adjust the receive side in the 


same manner. 


adjustment per cavity. Connect transmitter, 
wattmeter and terminations as shown in Fig- 
ure 1 below. 

Set the transmitter to the correct pass fre- 
quency. Transmit into the duplexer string 
and adjust the tuning rods for minimum re- 
flected power as indicated on the wattme- 
ter. Note that reflected powers should be 
less than 1 W, so it may be advisable to use 
a low-power wattmeter element. 

Tune cach bandpass cavity in the above 
manner. Then assemble all bandpass cavi- 
ties together into the correct duplexer con- 
figuration. Fine-tune the transmit side as 
shown in Figure 2 below left. 

Then reverse the transmitter and load 
connections. Set the transmitter to the re- 
ceive frequency and adjust the receive side 
in the same manner. It is perfectly accept- 
able to transmit into the receive side of any 
duplexer, providing all terminations are in 
place and the receiver is not connected. 

As a check for proper isolation, connect 
the signal generator, receiver and termina- 
tions as shown in Figure 3 below right. 
Set the signal generator and receiver to the 
same frequency. 

Inject the signal into the duplexer an- 
tenna port. In this example, the signal 


GENERATOR 


Figure 3. As a check for proper isolation, connect the signal generator, 
receiver and terminations as shown. Follow steps described in the text 
to measure the duplexer isolation. 
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BANDPASS/BANDREJECT DUPLEXER TUNING 


Figure 4. Steps for tuning the bandpass/bandreject duplexer are similar 
to those for the bandpass duplexer. Set up the duplexer as shown, and 


follow the steps described in the text. 


generator and receiver are set to 
153.62MHz. Determine receiver noise 
threshold (the point where noise begins to 
disappear). Record this reading in dBm. 

Move the signal generator to the duplexer 
transmit port. Retune the signal generator 
and receiver to 154.22MHz. Increase gen- 
crator output until the same noise threshold 
point is found. Again, record the generator 
output level in dBm. 

The difference between these two levels 
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procedure. 


is the duplexer isolation in dB at that 
frequency. 


Bandpass/bandreject duplexer 

Tuning this type of duplexer is similar to 
the bandpass type. 

Two adjustments are made on each cav- 
ity, the tuning rod and the capacitor adjust- 
ment. Set up the duplexer as shown in Fig- 
ure 4 above left. In all cases, bandpass tun- 
ing rods are adjusted first: capacitors are 


ERMINATION |~ 


5 SIGNAL 
—~| GENERATOR 
) 154.22MHz 


Ts 
“PASS 154.22MHz 
RES 193.62MHz 


~ BANDPASS/BANDREJECT DUPLEXER TUNING 


Figure 5. Use this equipment configuration to measure the receiver noise 
threshold in Step 2 of the bandpass/bandreject duplexer adjustment 


adjusted last. 

(1) Transmit into the duplexer on the 
correct frequency. 

Adjust the tuning rods for minimum re- 
flected power. Tune both “sides” of the 
duplexer—transmit and receive—on the 
correct frequency. 

(2) Connect the signal generator to the 
antenna port. (See Figure 5 above right.) 

Inject signal on the other frequency and 
adjust the capacitor for maximum rejection 


- 
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* 800 to 960 MHz; also UHF and VHF 
¢ One to five watts, continuous duty 

¢ Up to 128 frequencies 

¢ Part 88 ready 

¢ Two-year warranty 


Call now! 


Tait Electronics-U.S.A., Inc. 
1-800-222-1255 

Fax: 714/468-6944 
Now in stock at 
Primus Electronics 
(800) 892-1413 

Tait repeater shown with 
optional cabinet, and 

Trident TNT-60 logic. 


™ 


of this signal. 

Open the receiver squelch. 

Increase signal generator output until 
normal FM quicting is heard. Reduce gen- 
erator output until noise returns. This is 
referred to as the receiver noise threshold. 

(3) Adjust the capacitor for maximum 
noise as heard in the receiver. (This point 
represents the maximum attenuation of sig- 


nal from the signal generator.) 


(4) Keep increasing generator output and 


adjusting capacitors until no further in- 
crease in rejection can be obtained. 

(5) Repeat this process for the other 
“half” of the duplexer string. 

You may find one of these types of du- 
plexers impossible to tune. If so, check the 
duplexer with a spectrum analyzer and 
tracking generator. The duplexer may have 
been “flipped” from a highpass to a low- 
pass or vice versa. See Figure 6 to the right 
for the proper appearance of highpass and 


Caller ID. A dead giveaway. 
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radios. ID-33 includes time-out 
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lowpass curves as shown on a spectrum 
analyzer display. 

Remember that tuning a duplexer with a 
spectrum analyzer is approximate. Duplex- 
ers must be fine-tuned with the transmitter 
and receiver technique detailed above. 


ATTENUATION (dB) 


f 
« 
FREQUENCY 


FREQUENCY RESPONSE 
(A) LOWPASS CAVITY 


ATTENUATION (dB) 


i 
FREQUENCY 


FREQUENCY RESPONSE 
(B) HIGHPASS CAVITY 


Figure 6. The spectrum analyzer display for a 
lowpass curve should look like curve (A), and 
the highpass curve should look like curve (B). 


Next; Transmitter combiners and re- 
ceiver multicouplers allow multiple repeat- 
ers to share the same antenna, If the system 
can tolerate the energy loss, combiners al- 
low more efficient use of antenna space. 


i} 


Duplexer series 


Previous installments in this article 
series include: 

© “How To Use Duplexers: Isola- 
tion Requirements” in the July 1994 
issue, 

0 “How To Use Duplexers; The 
Various Types” in the August 1994 


issue. 


O “How To Use Duplexers; Install- 
ing and Tuning” in the September 
1994 issue. 

Back issues printed within the past 
two years can be ordered for $5 each, 
postpaid. Call customer service at 800- 
441-0294. Copies of articles printed 
more than two years ago are unavail- 
able from the publisher. 
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How to use duplexers: 
Combiners, multicouplers 


Part 5—Transmitter combiners and receiver multicouplers allow multiple repeaters 
to share the same antenna. If the system can tolerate the energy loss, combiners 
allow more efficient use of antenna space. 


By Brian J. Henderson, P. Eng. 


Transmitter combiners and receiver 
multicouplers are filter configurations. 

A duplexer allows a transmitter and re- 
ceiver to use a single antenna simulta- 
neously. A transmitter combiner allows 
several transmitters to use the same an- 
tenna without interfering with each other, 
a receiver multicoupler does the same for 
receivers. Where tower space is at a pre- 
mium, a combiner and a multicoupler 
may allow additional radios to use previ- 
ously installed antennas. 

When interference occurs between some 
transmitters or receivers at a radio site, a 
combiner and multicoupler system reduces 
the interference. Interference is common on 
radio towers with separate antennas for each 
repeater system. The isolation of a com- 
biner and multicoupler system may be re- 
quired to prevent intermodulation products 
(intermod) from occurring. 

Combiner systems have losses. A com- 
biner system allows additional transmit- 
ters and receivers to use the same antenna. 

A combiner system may be warranted 
if: 

« the tower is loaded with antennas. 

* interference between systems is 
occurring. 

the tower must be rebuilt to accommo- 
date more radio systems. 

A combiner system may be expensive 
and it may introduce system losses that 
affect radio coverage. These factors must 
be considered before installing a com- 
biner option. On the other hand, using 
combiners may cost less than rebuilding 
a tower to accommodate more antennas 
or radio systems. 


Henderson is senior engineer, communications, 
with Canadian Western Natural Gas, Calgary, 
Alberta. 
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Figure 1. A typical bandpass/band-reject combiner is configured as shown. It includes two or three 


bandpass cavities and one reject cavity per frequency. Because of the combiner’s bandpass 
nature, the minimum frequency separation is 2MHz. For closer frequency spacing, use the 


bandpass/isolator type of combiner configuration. 


There are two basic combiner types. 

Whether to use either either depends on 
transmitter and receiver frequency spacing. 

As with duplexers, a combiner’s purpose 
is to provide sufficient isolation between 
transmitters and receivers so that they op- 
erate without mutual interference. 


Bandpass/band-reject combiner 

Figure | above is a general drawing of a 
bandpass/band-reject combiner. 

This combiner type has two or three 
bandpass cavities and one reject cavity 
per frequency. Because of the 
combiner's bandpass nature, the mini- 
mum frequency separation is 2MHz. For 
closer frequency spacing, use the 
bandpass/isolator type of combiner 
configuration. 

Note as well that each “leg” of the sys- 


tem has approximately 3.5dB of loss plus 
0.3dB system loss between each connec- 
tion point and the antenna. That loss is 
why receivers are placed on the “string” 
first, followed by the transmitters. The idea 
is to reduce loss between the antenna and 
receiver. 

Tuning these combiner strings consists 
of tuning individual bandpass and band- 
reject cavities. Once tuned to the correct 
frequency using a transmitter and wattme- 
ter as described above, the combiner can 
be installed. Remember to terminate all 
unused ports with a SOQ load. 

The combiner can be expanded to add 
more transmitters and receivers, Figure | 
shows one section of a combiner string. 
This section allows one transmitter and one 
receiver to operate. 

Adding another eight individual cavities 
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and moving the 502 load termination to 
the rear of the combiner string allows one 
more transmitter and receiver to be added. 
Remember to connect the receivers ahead 
of all transmitters to minimize loss be- 
tween the antenna and receivers. 

The string can be expanded to accom- 
sie | Mmodate as many as four transmitters and 
Y connccron Seen] four receivers On a single antenna, This is 

a practical limit because of loss. 

The last transmitter in the combiner 
string (just before the load termination) 
will experience 8 X 0.3dB + 3.5dB = 5.9dB 
of loss. More transmitters can be added if 
the system can tolerate the loss. Normally, 
four is the maximum number of repeaters 
used because of the loss. 


Bandpass-isolator combiner 

The bandpass-isolator type of combiner 
combination can be used for frequency 
spacings closer than 2MHz. 

An operational limit is a minimum spac- 
ing of SOOkHz at VHF and 300kHz at UHF. 
For cellular use, channel spacing as close 
as 250kHz is possible. Figure 2 to the left 
ee Sain ( : is a drawing of a typical bandpass-isolator 
Figure 2.A typical icreipann densi? combiner is configured as shown. It can be used for fre- combiner configuration. 


quency spacings closer than 2MHz. An operational limit is a minimum spacing of S00kHz at VHF Several frequency restrictions apply to 
and 300kHz at UHF. For cellular use, channel spacing as close as 250kHz is possible. using this combiner type: 
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(1) The minimum frequency spacing is 
500kHz at VHF and 250kHz at UHF, 

(2) All transmit frequencies must fall 
into the passband on one side of a 
duplexer. 

(3) All receive frequencies must fall 
into the passband on the other side of the 
duplexer, 

(4) Frequencies cannot be scattered 
throughout a given VHF or UHF frequency 
band. 


There are four basic components to this 
type of combiner: 

(1) ferrite isolator, 

(2) bandpass filter. 

(3) duplexer. 

(4) receiver multicoupler. 

The duplexer’s purpose is to separate 
the transmitter frequency group from the 
receive frequency group. The duplexer can 
be either type, depending on the overall 
transmitter and receiver frequencies’ band- 


Caller ID. A dead giveaway. 
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width requirements. 

Transmitters are connected first to a dual 
isolator, then to a bandpass filter. From 
there, they are connected to a “star connec- 
tor,” which is similar to a “T” connector 
except with four or more connection ports, 
Several cables can be connected in parallel 
because they represent several circuits con- 
nected in parallel with a 50 circuit. There ~ 
is no effect on the impedance at a particular 
frequency. Note also that unused ports 
should be left open rather than terminated 
to preserve isolation and impedance. 


Tuning 

The bandpass-isolator combiner has 
only two components that can be tuned in 
the field. 

First, the duplexer can be tuned as de- 
scribed for the type and configuration of 
the duplexer in use. The bandpass filter 
can be tuned in the conventional manner 
as described above for bandpass cavities. 

Ferrite isolators should not be adjusted. 
They usually have enough bandwidth to 
use without tuning.* 

The receiver multicoupler is made of a 
bandpass network, an amplifier and split- 
ter. The only component that can be ad- 
justed is the bandpass network, if required. 
The bandwidth usually is quite wide, so 
adjustment may or may not be necessary 
depending on how much frequency shift 
there is among all receivers. 

Try injecting signal into a receiver 
through the receiver multicoupler. If the 
receiver operates with reasonable sensitiv- 
ity, leave the bandpass filter alone. If it 
works, don’t fix it. 


Duplexer 

When combining several transmitters 
and receivers in this way, it still is neces- 
sary to provide separation between the 
transmitter and receiver groups of frequen- 
cies. The easiest way to do this is with 
another duplexer. Still, make sure that 
transmitter and receiver frequencies fall 
into a group that can be separated by a 
duplexer. 

As an example, consider a system with 
the following operating frequencies: 


TRANSMIT —- RECEIVE 
FREQUENCY FREQUENCY 
SYSTEM (MHz) (MHz) 
1 413.1000 418.1000 
2 413.3000 418.3000 
3 413.5000 418.5000 
4 413.7000 418.7000 


In this case, all transmitter frequencies 
fall into the 413. 1000MHz—413.7000MHz 


*See “Technically Speaking” by Harold Kinley, 
C.E.T., in the June and July 1993 issues, 


range. Receive frequencies fall into the 
418.1000MHz-418.7000MHz range. A 
bandpass-style duplexer with a 600kHz 
passband bandwidth will work fine. 

A spectrum analyzer and tracking gen- 
erator must be used to align this duplexer. 
Adjust for required passbands on both the 
transmit and receive sides. 

If frequencies are scattered throughout the 
band, it is not possible to use this multi- 
coupling system type. There are no other 


alternatives besides separate antennas. 


Shipping and handling 

You have a duplexer or combiner tuned 
up and ready to travel to the site. You have 
made sure that all adjustments are locked 
and tightened. You throw it in the back of 
the truck, and off you go. You get to the 
Site, install it and find that it does not work. 
Now what? 

Two things can happen to duplexers or 
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combiners in transit to detune them. 

All tuning rods on duplexers have either 
a set screw or a locking nut to tighten their 
adjustments. Capacitors do not. They can 
move if bounced around or jarred. When 
they move, the cavity is detuned. 

The other thing that can happen is that 
the tuning rod can shift inside the cavity. 
When it does, the filter is detuned. 

The rule is, take it easy with the equip- 
ment. It is fragile. If you have the original 
packing material and shipping crates, use 
them. Wrap all filters in foam rubber pads 
to cushion them when driving up the 
bumpy road to the radio site. 

A temperature change may be a factor, 
too. Filters transported in winter may be 
cold when they arrive at the site, so let 
them warm up for 15-20 minutes before 
installing them. A small change in tem- 
perature can detune cavities. Once their 
temperature stabilizes, the filters should be 
back into proper tune. 

A further note on temperature: Filter 
detuning is evident when filters are oper- 
ating during extreme temperature changes. 
During shipping, temperature changes do 
not affect them. Once the filters return to 
room temperature, they should operate as 
specified. 


Summary 

There are many types of duplexers, cavi- 
ties and isolators that can be used for trans- 
mitter and receiver isolation. The methods 
described in these five articles will assist 
with retuning cavities to provide the de- 
sired function with the antenna system, 

(This concludes the article series.) ane 


Duplexer series 


Previous installments in this article 
series include; 

O “How to use duplexers: Isolation 
Requirements” in the July 1994 issue. 

“How to use duplexers: The vari- 
ous types” in the August 1994 issue, 

O “How to use duplexers: Installing 
and tuning” in the September 1994 
issue. : 

O “How to use duplexers: Fine- 
tuning adjustments” in the October 
1994 issue. 

O “How to use duplexers: Combin- 
ers, multicouplers” in the November 
1994 issue. 

Back issues printed within the past 
two years can be ordered for $5 each, 
postpaid. Call customer service at 
800-441-0294. Back issues printed 
more than two years ago and article 
photocopies are unavailable from the 
publisher. 


